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Synthesis of a Dye/Chitosan Complex for the Purification of 
Lactate Dehydrogenase via Column Chromatography 
 
Kenneth Uy and Dr. Jennifer Zemke 
Department of Chemistry, Winona State University, Minnesota 55987, United States 
ABSTRACT: This project strives to synthesize a novel dye/chitosan complex that will readily 
purify lactate dehydrogenase (LDH) from a homogenized chicken breast solution via affinity 
column chromatography. In doing so, a fiscally efficient alternative to Cibacron Blue 3-GA (CB3), 
a highly effective dye complex, will be elucidated. This project arose due to CB3’s price and 
absence from the market. Choosing an appropriate dye required the use of a molecular docking 
server to calculate the free binding energies (FBE) of various dyes to LDH. It was concluded that 
Eriochrome Black T (EBT) would most efficiently bind to LDH’s receptor site. This was 
surmised by comparing the EBT’s FBE of -7.83 kcal/mol to CB3’s FBE of -9.01 kcal/mol. It 
should also be noted that Calmagite is a worthy substitute to CB3, given its FBE of -6.67 
kcal/mol. Following these calculations, a synthetic plan will be devised. The functional groups of 
interest are the sulfonate and sulfonic acid on EBT and Calmagite respectively. These will lend 
themselves to creating microwave-assisted sulfonamide linkages to chitosan. Ultimately, the 
successfully synthesized product(s) will be used in lieu of CB3 to provide a more affordable 
method to purify LDH. 
 
n  INTRODUCTION 
Lactate dehydrogenase (LDH) is an enzyme 
that catalyzes the reversible conversion of 
pyruvate to lactate through the alteration of 
NADH to NAD+ or NAD+ to NADH. This 
metabolic process occurs by the means of a 
hydride transfer.1 Outside of this, LDH is 
most commonly known for its release during 
biological trauma. As a result its 
concentration, in international units per liter, 
is often tested for in patients whom have 
received significant injuries to quantify the 
damage induced to them.  
LDH is also often used in higher education 
to teach the basic principles of protein 
purification via column chromatography. 
Column chromatography invokes the use of a 
column with an adsorbent (stationary phase) 
and a mobile phase. The stationary phase is an 
insoluble substrate that specifically binds to 
the enzyme of choice by mimicking the 
structure of the enzyme’s unique ligand. The 
mobile phase is simply a solution, which 
contains the subject of purification, and 
solvent, and impurities. By forcing the mobile 
phase through the stationary phase, it will be 
possible to selectively separate the protein of 
choice from the impure solution. Following 
this, the stationary phase is washed with a 
solution that breaks the ligand to substrate 
bond conclusively generating an eluent that 
contains the desired protein.2 
 
 
Figure 1. Sample column with silica gel as the 




The current substrate of choice for the 
purification of LDH is Cibacron Blue 3GA 
Agarose (CB3GA). As the name suggests, it is 
a blue dye complexed to agarose, which 
closely mimics the structure of NADH, 
LDH’s cofactor. Unfortunately, the price of 
CB3GA, as well as its unavailability from the 
market, has created a demand for a fiscally 
efficient dye complex that specifically, and 
readily, binds to LDH. We are attempting to 
synthesize such a complex through the 
following microwave assisted reaction. 
(Scheme 1) 
 
n  METHODS 
Choosing an appropriate dye required the use 
of a molecular docking server, which 
simulated the protein to ligand docking 
interaction.4 Simulating the aforementioned 
interaction between common laboratory dyes 
and LDH generated a free binding energy 
value (FBE) in kcal/mol. A large negative 
number alludes to stable protein to ligand 
docking.4 Knowing this, by comparing the 
FBE values of numerous dyes, it was possible 
to conclude which common dye readily binds 
to LDH. 
Once a set of sufficient dyes was 
established, in-depth calculations were carried 
out to properly determine the legitimacy of 
the crude calculations. Such a process entailed 
taking into account weak intermolecular 
forces, effects from all the water molecules 
throughout the protein, and involving all of 
the atoms through the whole of protein in the 
calculations, as opposed to just the docking 
site. It was concluded that Eriochrome Black 
T (EBT) was the best candidate to use in lieu 
of CB3GA. Calmagite was also found to be an 
efficient substitute and was heavily 
investigated by Alex Buchberger and Dr. 
Jennifer Zemke.† 
Attempts were made to complex EBT to 
chitosan through a microwave assisted 
reaction outlined in supplement 1, section: 
General Procedure for the Synthesis of 
Sulfonamides from Sulfonic Acid Sodium 
Salts (4a-d). N-allybenzenesulfonamide 4b.5 
Successful completion of the reaction from 
                                                
† Department of Chemistry, Winona State University, 




Figure 2. Structure of the Cibacron blue 3GA 
complex (above) and NADH (below). 




































































1. TCT, 18-crown-6, acetone
2. Chitosan, NaOHaq, THF
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De Luca et al. involved increasing the scale of 
the reaction by a factor of ten to meet the 
minimum solvent level of 10 mL in a MARS5 
Microwave Reactor. Yet increasing the scale 
resulted in the use of upwards of 2.55 g of 
EBT and 0.777 g of Chitosan. Future plans to 
decrease the scale, yet meet the minimum 
solvent criterion are still in consideration. 
Doing this will minimize reagent waste. 
In addition, solvent choice was put into 
consideration. For a time THF was the main 
solvent of choice due to calmagite’s increased 
solubility when compared to acetone. Given 
that the researcher is exclusively focusing on 
the synthesis of the sulfonamide through 
EBT, the change in procedure was ultimately 
discontinued. This was due to the fact that 
EBT readily dissolves in acetone when mixed 
in solution with 18-crown-6 or 15-crown-5. It 
should be noted that the procedure presented 
by De Luca et al. specifically requests 18-
crown-6, yet the effects of 15-crown-5 was 
also investigated. This is due to the fact that 
the size of 15-crown-5 appropriately fits that 
of the sodium ion from EBT. On the other 
hand, 18-crown-6 is larger than 15-crown-5 
and is generally used to solvate the larger 
potassium ion. It has not been determined 
which reagent has the most effective host 
guest chemistry. 
Synthesis of the sulfonamide was 
completed yet it has not been determined if it 
was successful. Elucidating the presence of an 
amide bond between EBT and chitosan 
requires extensive characterization through 
thermogravimetric analysis (TGA) and IR 
spectroscopy via KBr pellet. Procedures, as 
well as additional characterization techniques, 
are under consideration. 
 
n  RESULTS AND DISCUSSION 
Table 1 illustrates the intermolecular forces 
between various dyes and LADH. As 
expected, CB3GA has the greatest FBE 
negative value, which suggests that the 
docking interaction will be spontaneous at 
room temperature. EBT was chosen strictly 
chosen due it its FBE and frequency. The 
frequency value indicates how often the FBE 
value occurs in a set number of calculation 
trails. For instance, a research requests 200 
hypothetical CB3GA to LDH docking 
simulations. Those hypothetical simulations 
return 50 calculations with the resulting FBE 
of 11 kcal/mol. As a result, the frequency is 
determined to be 25%. 
However the other resulting values have 
not been taken into consideration, such as 
VHDE, TIE, and interactive surface. It is 
hypothesized that a larger interactive may 
result in greater ligand to protein affinity, yet 
claim has not been validated. On the other 
hand, new information has arisen regarding 
the inhibition constant (Ki). The Ki indicates 
 
Table 1. Averages of Molecular Docking Server Data with Dye Name, FBE (kcal/mol), Inhibition Constant 
(µM), Van Der Waals + H-bonding + Desolvation Energy (VHDE in kcal/mol), Frequency (freq in %), 
Total Intermolecular Energy (TIE in kcal/mol), Interactive Surface (IS), and Number of Trails (NT) 
 
dye fbe Ki vhde tie freq is nt 
CB3GA -8.54 1.38 -9.39 -9.43 11.3 1212.17 5 
EBT -7.64 1.75 -8.47 -8.69 17.2 782.45 11 
thymol blue -7.49 0.26 -8.47 -6.91 6.2 923.38 5 
tartrazine -7.30 12.6 -9.13 -9.18 23.0 941.79 2 
hydroxynapthol blue -7.30 4.01 -9.26 -9.39 12.7 906.88 3 
aizen crystal -6.96 8.16 -7.82 -8.34 19.5 971.18 2 
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the concentration of dye necessary to reduce 
the rate by which an enzyme can catalyze a 
reaction by 50%.1 Therefore, a lower value 
should theoretically indicate greater ligand to 
protein affinity, yet this claim has not been 
confirmed. A lack of confirmation results 
from the fact that the Ki is typically associated 
with drug efficacy as opposed to chemical 
synthesis. As a result, further study is needed 
to truly elucidate the role this constant plays. 
Nevertheless, if the hypothesized behavior 
holds true, thymol blue is a significant 
candidate that will require further 
investigation. 
Successful completion of the EBT and 
chitosan complex synthesis in 18-crown-6 and 
15-crown-5 yielded an insoluble solid with a 
dark purple complexion. Characterization via 
proton NMR in CDCl3 has not yielded fruitful 
results. This is due to the fact that chitosan is 
insoluble in CDCl3, therefore the resulting 
resonances correspond to the compounds 
soluble in CDCl3 alone. Such compounds and 
their resonances have yet to be investigated. 
The inconclusive proton NMR 
characterization has forced the researcher and 
mentor to consider other forms of 
characterization, such as the aforementioned 
IR spectroscopy via KBr pellet and T mass 
thingy. 
Yields of the most recent EBT to chitosan 
synthesis have not been taken. However a 
procedure to measure yield has been 
hypothesized and is as follows: wash the 
sulfonamide-linked chitosan in acetone, dry, 
and weigh. The rationale behind the prior 
procedure is that the insoluble substrate is the 
final product; therefore the solvent and 
soluble compounds do not contribute to the 
final yield. Assuming that no chitosan is lost 
in step 2 (scheme 1), one can conclude that 
the yield must be greater or equal to the initial 
weight of chitosan used. Accordingly, it is 
rationale to presume that chitosan, which has 
undergone sulfonamide-linkage and that has 
been washed with acetone, will be the final 
yield. The difference in weight between the 
unmodified chitosan and the sulfonamide-
linked chitosan will presumably be the 
amount of EBT successfully complexed to 
chitosan. These hypotheses and the proposed 
procedure have yet to be validated. On the 
other hand, the TGA is assumed to be a more 
accurate method than the previously 
mentioned procedure. Regardless, yields will 
be reported within the following weeks. 
 
n  CONCLUSION 
In summary, the molecular docking server 
returned values, which suggest that EBT has 
the greatest affinity to LDH, in contrast to the 
other common laboratory dyes. The 
previously made conclusion was based solely 
on the FBE and frequency values, however 
the other values have not been taken into 
consideration. Further investigation is 
necessary to discern the effectiveness of such 
a presumption. However, new information 
regarding the Ki suggests that thymol blue 
may be a worthy candidate, which may be 
even more effective than EBT. More 
simulations via the molecular docking server 
are needed to validate this claim. 
Synthesis of the EBT and chitosan 
complex was completed, as per the procedure 
outlined by De Luca et al. Nonetheless, as of 
this moment, the product as not been 
characterized. Therefore, whether the 
aforementioned synthesis was successful has 
yet to be determined.  
Future plans include characterization of the 
product via IR spectroscopy via KBr pellet 
and T mass thingy. The yield will also be 
recorded via the proposed procedure in the 
prior section. 
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